The effect of Cercospora beticola toxin on the transport of protons by vanadate-sensitive ATPase was studied with corn (Zea mays) root microsomal vesicles prepared by differential centrifugation, sedimentation through a sucrose cushion, and washing with Triton X-100 plus KBr. In these preparations, addition of ATP induced intravesicular H'-accumulation as evidenced by a rapid quenching of the fluorescence of 9-amino-6-chloro-2-methoxy acridine. This quenching was relatively unaffected by inhibitors of mitochondrial and tonoplast-type ATPases, but was strongly reduced by inhibitors of plasma membrane H'-ATPase. C. beticola toxin markedly inhibited ATP dependent H+-transport, and this effect increased with the length of preincubation with the toxin. The same observations were made concerning ATPase activity. Inhibition of H+-transport was greater at pH 7.3 than at pH 5.7. Lineweaver-Burk plot analysis showed that inhibition kinetics were competitive with respect to ATP. These data suggest a direct effect of C. beticola toxin on vanadatesensitive ATPase presumed to be associated with the plasma membrane.
CBT' is a non-host-specific phytotoxin of unknown structure, which induces loss of betacyanin and amino acids from red beet root tissue (21) . These observations can be explained either by a direct effect on membrane transport or by an indirect effect via membrane damage or shortage of energy supply to the plasma membrane ATPase. In maize roots, CBT reduces elongation, inhibits H+ extrusion, and depolarizes transmembrane potential (16), but does not affect ATP and pyruvate levels (17). However, it inhibits the oxidative phosphorylation ofisolated mitochondria (17) . Moreover, Macri et al. (15) have reported the inhibition by CBT of ATP-dependent proton translocation in microsomal vesicles, and suggested a primary effect on ATPase(s) associated with plasmalemma or tonoplast membranes.
In this work, we have studied the effect of CBT on the proton transport activity of a preparation enriched in plasma membrane ATPase, isolated from corn roots by a differential centrifugation procedure.
MATERIALS AND METHODS Membrane Preparation. Corn seeds (Zea mays, cv Monclair) were surface-sterilized with calcium hypochlorite, soaked in 'Abbreviations: CBT, C beticola toxin; ACMA, 9-amino-6-chloro-2-methoxy-acridine; CCCP, carbonyl-cyanide chlorophenylhydrazone; DES, diethylstilbestrol; PMSF, phenylmethylsulfonylfluoride; SW26, 2,2,2-trichloroethyl-3,4-dichloro-carbanilate.
water for 1 d, and germinated on stainless steel screens above distilled water for 6 to 7 d in the dark at 25°C.
Membranes were prepared at 0 to 4°C, as described elsewhere (4, 22) with some modifications. Roots (200 g ) were homogenized with a Waring Blendor in 400 mL ofgrinding medium containing 50 mM Tris/Mes (pH 8.0), 500 mM sucrose, 20 mM EDTA, 10 mM DTT, and 1 mM PMSF. After filtration through Miracloth, the suspension was clarified at 16,000g for 30 min, and the supernatant centrifuged at 80,000g for 45 min. The 80,000g pellets were dispersed in 24 mL of 10 mM Tris/Mes (pH 7. 3), 250 mm sucrose, 1 mM EDTA, 1 mM ATP, 1 mM DTT, and 1 mM PMSF. Aliquots of the membrane preparation were then layered over four cushions (12 mL each) of 30% sucrose (w/w) and centrifuged for 90 min at 90,000g. The sucrose layers were discarded, and the pellets resuspended in 20 mL of 10 mm Tris/ Mes (pH 7.0), 250 mm sorbitol, 20% (w/v) glycerol, 0.2 mM CaCl2, 1 mM KC1, 1 mM EDTA, with 500 mm KBr, and 0.25% Triton X-100. After 20 min incubation at 4°C, the suspension was submitted to 100,000g for 45 min. The sedimented material was then washed in 20 mL of the same medium without Triton X-100. The final membrane fraction was suspended in 10 mM Tris/Mes (pH 7.0) RESULTS Membrane Purification. Membrane preparations were obtained by differential centrifugation, sedimentation through a sucrose cushion, and washing with a nonionic detergent. Table I shows the activities of enzyme markers during the successive stages of purification. The final protein yield was about 10%. NADH-Cyt c reductase, Cyt oxidase and IDPase activities decreased all along the purification, and were reduced to very low levels in the final preparation (Table I) . We conclude that this purification procedure significantly reduced contamination by endoplasmic reticulum, mitochondria, or Golgi apparatus. In contrast, specific activity for ATPase was enriched to 3.4 ,mol ATP hydrolyzed per min and mg protein ( Table I) .
Characterization of the Membrane Preparations. Phosphohydrolase Activity. ATPase activity was slightly stimulated by potassium, and almost completely Mg-dependent (Table IIA) . Low levels of mitochondrial or vacuolar contaminations were indicated by the absence of activity at pH 9.0 and the slight effects of azide, molybdate, and nitrate (Table IIA) . Known inhibitors of the plasma membrane ATPase, vanadate, DES and SW26 (5, 12) , effectively reduced the hydrolytic activity (Table IIA) . The activity was specific for ATP since hydrolysis ofother nucleotides never exceeded 10% of that of ATP (data not shown). These results were consistent with the notion that ATP hydrolysis was almost exclusively catalysed by the plasmalemma ATPase in the final preparation.
Proton Transport Activity. Proton transport activity was monitored by the fluorescence quenching rate of ACMA, according to Dufour et al. (9) . Addition of ATP to membrane preparations induced a decrease of fluorescence with an initial rate ranging from 1000% -min-'mg-' to 4000% -min-'mg-' for 6-and 3-dold roots, respectively, in agreement with our previous observations (22 (Table IIB) . Quenching was reversed by addition of NH4Cl, nigericin, gramicidin D, or valinomycin plus CCCP (Fig. la) . These characteristics were thus analogous to those of other well characterized plasma membrane ATPase preparations (20, 23) .
Inhibition of ATP-Dependent Proton Transport by CBT. When a membrane preparation was preincubated with 1.4 ,g/mL toxin for 4 min, the initial rate of the quenching induced by addition of 750 ,uM ATP was decreased by about 50% (Fig. lb) . In addition, CBT limited the extent of the final quenching level (Fig. lb) . When CBT was added after reaching the steady state level ofproton transport, a fraction ofthe fluorescence quenching was reversed quickly (Fig. lc) , followed by a slower decay to its initial value. By comparison, chelation of magnesium with 8 mM EDTA, which inhibited by 83% the initial rate of proton pumping, also induced a partial reversion of fluorescence quenching (Fig. ld) . Before trying to more precisely determine the inhibitory properties of the toxin, its effect on an artificial proton gradient was examined. The incubation medium of a vesicle preparation was shifted from pH 6.5 to 8.0 by addition of 0.1 N KOH (Fig. 2) . As ACMA fluorescence is highly sensitive to pH, proton concentration gradient was monitored with acridine orange, whose intrinsic fluorescence was not appreciably modified by pH change. The later probe was not routinely used however, in our experiments, because it is about 13 times less sensitive than ACMA to proton accumulation in the vesicles. Under these conditions, addition of KOH resulted in a quenching of the fluorescence of acridine orange, then the signal slowly returned to its initial value in about 8 min (Fig. 2a) . It thus appeared that, in spite of some permeability, the vesicles were able to maintain a proton concentration gradient. This conclusion was confirmed by the effect of nigericin, which prevented the fluorescence quenching when it was given at the same time as KOH (Fig. 2b) , and reversed it when given later ( Fig. 2c) . In these conditions, CBT did not appreciably affect fluorescence quenching (Fig. 2 , a and d).
Influence of the Duration of Preincubation with CBT. Since CBT did not appear to permeabilize vesicles to protons, at least in the short term, its inhibitory properties on proton transport were more closely examined. Data from Figure 1 suggest a progressive nature to the inhibition exerted by CBT, since in the presence of the toxin the quenching of the fluorescent probe slowly returned to its initial level. Indeed, it was found that the effect of CBT on the initial rate of quenching increased with the length of preincubation (Fig. 3) . At a toxin concentration of 1.4 ,ug/mL, complete inhibition was reached after 60 min of preincubation, in agreement with the results of Macri et al. ( 15) . The (Fig. 3) . That is also shown by the insert of Figure 3 , which points out that the amount of CBT needed to inhibit 50% of the ATPase activity steadily decreased with the length of the preincubation, going down to 6.5 gg/mL at 60 min. Influence of pH on the Effect of CBT. Proton transport displayed a narrow pH optimum with a maximum at pH 6.5 and little or no activity at pH 8.0 (Fig. 4 ), in agreement with other studies on plant plasma membrane ATPase (14). In our experimental conditions (i.e. between pH 5.7 and 7.3), CBT inhibition was found to be markedly strengthened by increasing pH (Fig.  4) .
Kinetic Analysis of Proton Pumping Inhibition by CBT. ATPdependent proton pumping followed simple Michaelis-Menten kinetics (Fig. Sa) . Lineweaver-Burk plots showed that the appar- ent Km for ATP increased from 211 to 789 ,uM at a CBT concentration of 1.4 ,ug/mL, while maximum velocity remained constant (3016% ± 104% min'. mg protein') ( Fig. 5b) ophores and inhibitors of plasma membrane ATPase (Fig. 1) . Treatment by Triton X-100 followed by washing was a crucial step of the purification procedure, since it eliminated contaminating activities, resulted in enrichment of vanadate-sensitive ATPase, and provided a preparation of sealed vesicles, as indicated by fluorescence measurements, and in accordance with our previous results (4, 22). The effect of vanadate however, deserves special comment. This compound clearly inhibited both the hydrolytic and the H+-transport activities (Table II) , but while a concentration of 1 mm was needed to inhibit 79% of the H+-transport, 100 ,uM was enough to suppress 90% of the hydrolytic activity, which thus appeared more sensitive. It must be remembered that proton transport activities were estimated from initial rates of fluorescence quenching, and that vanadate was added at the start of the measurement. In contrast, ATP hydrolysis was routinely measured over a period of 30 min, and in inhibition experiments vanadate was in contact with the enzyme all that time. As reported elsewhere (6, 22), the inhibitory effect of vanadate increases with the time of incubation. Therefore, the discrepancy observed between the two types of inhibition is probably mostly apparent, and can be attributed at least in part to the difference between times of incubation with vanadate.
Effect of CBT. The above experiments show that CBT is inhibitory to the ATP-induced intravesicular proton accumulation, and that this effect increases with the time of incubation (Fig. 3) . One can thus wonder whether the toxin inhibits the ATPase itself, or makes the microsomal vesicles more permeable to protons.
Summarizing our data, we have first shown that CBT does inhibit the ATPase activity and that this inhibition also increases with the time of preincubation (Fig. 3) . Although that demonstrates an effect on the enzyme itself, it must be noted that CBT is more inhibitory to proton transport than to ATP hydrolysis, so that the possibility of a second mechanism of action cannot be rejected.
A second type of information was obtained by adding CBT to microsomal vesicles after the ATP-driven proton accumulation had reached its steady-state level. Figure lB shows that in that case, ACMA fluorescence undergoes a rather fast, albeit partial reversion, followed by a slow return to the initial level. By ATP concentration (gM) 433 also reported a pH-dependent loss of betacyanin induced by CBT, with a maximum effect at pH 8.0.
Finally, our results suggest that CBT can inhibit ATP-dnven proton transport in a membrane fraction enriched in plasma membrane ATPase. Results from Figure 5 indicate a competitive inhibition mechanism, since Vma was not appreciably changed, whereas apparent affinity for ATP was lowered by the toxin.
These inhibition kinetics differ from those of vanadate (12), DES (3) or SW26 (5), which have been shown to exert noncompetitive inhibitions with respect to ATP. Further experiments are needed to fully understand the mechanism of that inhibition, and especially to explain why the inhibition increases with incubation time. With this aim in mind, it will be interesting to study the effects of CBT on ATPase reconstituted into artificial proteoliposomes. Such an approach will provide some indications about the influence ofthe lipid environment ofATPase on its sensitivity 8 00 to the toxin. However, a complete explanation will obviously also require the elucidation of the toxin structure. rison with the effect of EDTA (Fig. 1 B) 
